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ABSTRACT ' ' . ^ . 

.. * This volilme describes' the development and 

itj^plement ation of a. two- way interactive cabl^ television " ■ \ ... 

communication system and its effectiveness in. urban administration. 
The full report is contained in Volume -11 (see related document) , an-d 
the com^puter program documentation is. in Volume III,' Michigan State 
University-'ivockf ord T wo -Way /Cabl^ Project: Minicomputer System • 
Software, The ;U-year p;cqject in Rockford, Illinois, tested the > 

. atinicompniter-cor\trolled interactive instruction capability of two-way 
ca-ble 'against more traditio-nal. <lea rvaing situations during a 12-lesson 
cburse .in prefire planning administered to the city's fire 
depar-c merit • Included here are a comprehensive acc/junt of . the ^ 
experiment, a description and discussion of the two-way technol'^ogy 
cu:d its performance, a cost analysis for the training program , and 

^.th'^ public policy implications of thc- proi^ct^ (Aiithor/RAO) .. 
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Introduction and Abstract 
of Findii\gs 

This volunxe desgn'bes the development and im-' 
plementatiorb of a*twa-way interactive cable televi- 
sion communication aystem and its^ effectiveness in ^ 
urban administration. The full report is contained in 
Voluuie II,.titled Michigan State L/niVersity-Rock/ord 

. Tvyo-Way.CabJe Project: System Design, Appiic^tio.n 
Experiment and PubJic Policy Issues. The computer 
prcJgram. documentation is in Volume III. Michigan. 
State L/hiversity-f{ock/ord Tpvo-VVay= Ca/?Je Project: 

f Minicomputer System Software.^^ - • 

The four-year project in Rockfprd, Illinqis, tested 
the" inim'computer-6ohtrolled interactive -instructiQn 
capability jof fwo-way cable against more traditipnal / 
learning situations during a- 12^-lesson course in 
prefire planning administerfl?d to the city's fire 
department. Included here-rsla comprehensive ac- 
count of the experiment, a de 

sion of the two^w^iy technoj'ogy\a;Pfd its performance., 
a cost analysis for the training prograni and the. 
public policy implications of the projefst^ 
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Research Results SUmnlary \ ^ 

We believe"*' the research reported .here 
supports the following conclusions:'^ 



communication 
feasible 




from the 
single cable 



. ^ (1) . Digital return 
•feeder lines, is 
system; 

(2) "A switching system js effective in limiting 
return system noise and Signal ingress. 
^, De-ingressing ^thfe system for 'Return com- 

' mvinicatio-h impfroves system perfxDrmance in 
bothjdirections. 
(4) ' No extraordinary system^ maintenance is re- 
quired for two-way communication, if the 
. ^ystem is properly clesigned'at the outset. . 
. (5) Two-way. mteractive cable ^instruction is 
more effective tl^ian .confparable one-way 
•television in teaching cognitive information. 
The two-way advantage in learning remains^ 
■j after siX(fn^ths. • 
' (6) Two-wayy^ interactive ..television^ where 
respond/nts have' individualVesponse capa" 
bility and personal feedback, rs more favor- 
. ablya sses{^d than one-way, tele\4tiion and is 
considered egjjal to^ve, instruction ^by the 
' pai^cipants. , " 

1.- a|)th available from thD^^pnftment of -Toloco.rpmunication. - 
Mithigan .Stnto IJnivorsUvf East Lansing. N^dflj;nn 48824'' The 
material, in all throe volume^s is Ikisod upon roHoarch sup'p^^hJd by 
thc^National Science FoLip/ln4iT>n*undor. Grant No. APR7^M28&, 
Any opinions, findings and^onclusions^aro those of the'authoas 
•and do not necessarily reffcct tho views of the Nati{>l?al -Science ' 
Foundation. * ■ . . 



Automated, priBpacka'ged two-way cable, 
televisioji is administratively more efficient 
and reliable than one-w^y television systems - 
for record keeping. ^ / ' * 
The cost of two-way television, in most cir- 
cumstances, is lovyer than auto-tutorial or 
lecture methods. - 
Two-way cable television is mqre expensive 
than one-way television, but -in large scale . 
^- .^^.training systems, the difference in dollars is . 
^ery small. 
(ID) The cost of prefire planning as a collateral 
duty of ail firefighters trained i«-^3TrH^}ing, . 
survey and preplanning is much less tlr&n 
' the cost of prefire^ planning , by full-time 
specialists. ~f ^ ^ * 

JLarge cable system^ (10,000 subscribers or 
more) ar^ more likely to find two-way ser- 
vioe profitable. . . ^ 

The. cost - of operating a tWo^way cable 
system is mor^^likely to impeSe initiation of, 
jtwo-way service than cost bf construction. 
The potential for public service use of two- 
way ca^le services place a major burden on 
franchise authorities aiid cabte' systems" jn- 
determining when toiimpiement two-way j 
service. . . 

The responsibility of the^franchise authority, 
in^worway caUe may extend to development 
aiiQ aggregation of pubHq services, particu- . 
larly in public safety and' edtlcation and in 
njopitor'ing upstream spectrunj allocation. • ." 

. ■ ■ ' ' ' ^ •■ •■ 
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Originsof the Michigan State ^ 
^ University-Rojjkford Pfbject 

• This project developed in response to the National 
^ Science Foundation intent to **s^upport a* series of 
social experiments ii^ the. application of. two-way 
cable telecommunications to the delivery of urban 
" social services: dnd" to urban adrtinistratio?i.V (1) 
Rhase I was to design application- experiments; 
• Phase il, to cajry out experiments selected from the 
design sijfamissions. Rockford, Jilinois was cho|en as 
the si.te because the cable system had been engi- 
^neered to accommodate two-wa'y^able and the city 
. govertoiertt was very nm^ interested in public ser- 
vice applications. - ^ 
; In the design study..five applicatioijs*'were'submit- 
ted by Michigan State Univgjr sity as the most promi^- 
iiTg for developing tfie two-wa^^ca6Ie .system tech- 
nical design and exploiting .the two-\vay capability in 
pressing i^ociai and ^jrb^. administrative needs. Of 
th^/ five experiments designed under the original 
^ant. : th|9 firefighter training ^appli^tioh was. 
seUctedfor funding. / 
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A Developmental Model for 
Two-Way Cable Technology - 



In responding to the Nati 



ioliu 



Science Founda- 



tion's commitment to. experimer^'ts in^ublic service, 
applications of two-way, cable tSchnology. wf; 
recognized an obvious need to fit - th6 firefighter 

'training expe^timent into a Jatrger^development^l 
context for two-way table. Therefore<' wP;XcefttBd a 

•••systematic model which caref^ully times ^nd inte- 
grates the.technical cajiability of various broadband 
communication systems with,/ economically viable 
'communication applications on ^ step-by.-step evolu- 
tionary basis. / i 

Since the early speculation'^bout broadband dom- 
municntion development, the^-two-way.^ technology 
has not evolved as a synthesis of practical heed and 
cost-efficient technology. Two-way. experiments and • 
developmental planning have tended to focus^'ori an 
end-st^te technology; m^particular, a high cdst ad- 
dressable terminal. In the|modei destribed/below, 

"each generation representsj'-^mall technical pteps in 
the' evolution of existing c^ble technology and ser- 
vice provision. Costs of elach step,.^re covered by ^ 
revenues or benefits ac^uirig from- services at that 
stop. - :. ' . ^ 

• A typical CAT\^ system resembles a tree, With, a 
fietwork of trunk cable and trunk amplifiers deliver- 
ing signals from the transmission center (headend) 
to'bridgf^r amplifiers. Th^e amplifiers then transfer ' 
the signal to a system df feeder amplifiers. The 
feeder system delivers the Signal to the taproff units,- 
and then by 'service dropV into the subscriber's 
home. ' - ^ . , \ / 1 ' 

v-In^i two-way cal?ld system, JignaLs^pass "down- 
stream" from the headend and ''upsH^e^rrT' from the 
sub'scriber location to |He headend. Two-way com- , 
miinication oi\ ^ single cable requires filters to 
separate the downstream and ups'tream signals and 
^ separate set of amplifiers for eaali^.direction. ' •/ 
The cable industry. in the Ujiited Stc^ites is now 6ori- . 
vincingly demonstrating the demand for pay movies 
a-nd other entertainment. The first j[?eneration of pur 
developmental plr^ includes technology for per^ 
program pay television. To achieve the per-progr5m 
pay television in this generation, we*.rgly on an 
"^rea ^nultiplexing" schema that comfiines fre-^^ 
qwlency' and time division multiplexing. Modified 
Channel converter terminals In^he^ feeder branch 
are as^iigned individual frequencres in groups of up 
to 200. Each groi^jip \& asjjocuited with a digitallv can- 
trolled code operated switch, which passes signals 

^up^tr^^am as the swi^ch'Ms openeS. A community of * 
hopsehpld.s, each identified by its terminal fre- . 

'qu^cy and code operated switch,, can^ st^anned 
by a minicomputefTTi a matter of seconds. If the set 



IS tune^i to a pay program, the information, is re-' 
corded for^ billing purposes. This technological 
generation also accommodates the monitoring oC 
bther devices such as smoke and intrusion alarms. 
The second geneTQiion in'^this developmental 
r model adds an intera'ctiveTesponse capability to the 
terminal. A transmit device permits use of a push 

• buttoti type converter for digital responses as well 
as channel selection. The additional cost of this 
capability ia^low enough to accommodate computer- 

' .jnanaged instructional programs which include 
multiple choice questions. The'computer.can be pro- 

' gramrned to, provide a character-generated down- 
stream display of participant responses, question- 
by-question and cumulatively. ' 

• The third genercLilon \n the system evolution adds^ 
a microprocessor chip and read-only n\emory (ROMy 

. storage. This permits the terminal to perform mul- 
tiple fi]|^ctions, e.g., the monitoring of utility'meters. 
For electric utilities, ,the system would offer time-of- 
day ^metering; making possible discrimination be- 
iltween energy consumption in pe^i^ and off-peak gen-< 
eration periods; Pricing^ incentives could then be 
used to encourage consumption in the off-peak 
periods. ' 

Finally; in the /diirth generatioa we. would add; 
low cost memory storage in the terminal or the. code 
operated 'Switclr. M this stag© Jit is possible^ to 
•'page" a portion of a data stream for local, homa 
television display. On-demand catalogs, SBlf-paced 
questionnaires, on-demand lessons and ^electronic 
newspapers, are z^potential applications in. th^*^ 
generation. Y ■ . ■ . ■ 

The firefighter training experiment is in the 
' second generation of thef developmental model. ' 

Firefighter Training and the i 
Two^Way l;esson Forniat 

^standardized training, with an interactive compo- 
nent, came up frequently in our investigation of the 
potential applications of two-way cable. The need 
for training and retraining in government arid the 
jJOcial^ services* is great. In some instances^ this is 
because ^of the high turnover of personnel arid in 
other cases because of the qomplexity of tasks and 
changing technologies. In most situations, cost fac- 
tors, work schedules and other administrative con- 
siderations suggested prepackaged instVuction. 
Jiifirefighting, daily 4p«/inmg is the routine^ Two- 

; way cable television can brin^ live or packaged 
training programs by wgll-prepared specialists to ' 
th^fi^refighter' in h^s Station house . 3nd pr^vHrie^an 
opportupfty for response ^nd^tainforcement.-.For 

^ volunteer firefijghters, the trafniri?^ can take place.in. 

• th^home at convenient tim^ • ; • 



r 



In Rockford, advanced training is carried out in* 
two waysr(l) in station houses with'instructiori by 
self-teaching materials and company officers and (2) ' 
*^at the Training^. Academy which is specially "equip- , 
ped with training laboratories and materials^'l^pain- - - 
• ing at the Academy Viskj^ undprprotectibn in^the" . 
district when trafhees ar.e removed from thpir sta- 
tions, or adds the cost of pverikne'pBy.- 

Much of the training takes ^lace on the jbb as the 
firefighter njoves up in ^responsibility, as ne(v knowl- 
edge is developed and new equipment is acquired. 
Training. Officers in the fire service ha\i^one of- the 
'^more complex training tasks in industry or govern- 
ment. Firefighters generally work 24-hour shifts*!- Ac-> 
tivities are always broken up by fire and emergency 
calls. Special off-duty days, vacations and sick^.days 
complicate the training, and record keeping activiT ' 
ties. Training by company officers ih the station 
> house is dependent on t-he confidence, ability, ?train- 
ing and administrative capability of the company of- 
' ficer. Standardizat-ion is difficult to achieve. ■ ' 

Pre-packaged videotape wHh two-way interaction^ 
^andyepprting could standardize the training, focus 
.Jitterition on the tfdming materials because of 'the 
necessity* to cohtinuoueily respojmj^^'nd provide the 
training officer with an^instant record of who^pax-" 
tic)ipaied in tlie training exer^?ises and who fteeded 
\ to. be reschedul^^ . for -make-ups. New' materials 
cOuld be created for two-way training or existing 
training'^materiahs could easily be adapted. to two- 
wnV instruction. • - 

Prefire planning wa's selected as the topic for the 
experimental instruction, .^efire plaqnifig is an ac- 
ity designed . to provide jhe firefighter with a 
gical.and systematic plan for identifying and* 
classifyii^g potential fire problems. This allows" the- 
fitefightcr to carefully formulate,' in advanc^a tap- * 
tical plan for a given building, in the event a fire 
occurs/The plans maythen^fDe continuously studied 
in training sessions and taken to a fire/should one. 
occur. The task of prefire planning is a complex pro-'^ 
cje^s whic^ draws upon the firefighter's previous 
training and experience. -It represents a task^facing^ 
all fire,departmeTvts.^ ^ ' 

Interactive Training ^ ^ 

The firefigh^ training application seemed to 
optimize the potential benefits 'of two-way trg^ning 
from a cenfral location to remote locations. . 

Iir^rqating the interJfctive system, we made a 
humbmsQf assumptions about the value of the inter- 
action. Thfese a§surnptions dealt with specific learn- ^ 
ingand administrative components, as follow: 

Attention and pai;ticipation. InteracTiv^ items, 
spaced throughouf the in^tfuctional programs. 
\ypuld force participatioU;.^artcPahelp to keep the 
trmn^es alerreiTd attentive. . • • " . v / 

■ ."■■■/ic:;. ■ 



^Motivation. Awareness that each response would 
be fed back. individually and in aggregate scores at 
the end of the lessons, and that hard copy records 
would be made, wduld serve to Jceep trainees moti-* 
vated to crR»te a good record. 

Feedback. ^Reinforcement would be provided by 
the feedback at eSch step of the instruction., . 

Competition. Sjnce station or individual, scores 
CQuld be compared, competition would maintain in- 
terest and motivation. . 

Teasing. On oGcasion, interactive items could be 
used as teasers to- lead into a new 'segment of in- 
struction^ Firefighters would have to guess or rely on 
pre)!^ious experience. This tfechniqueiwould heighten 
interest in learning the material. 

'"Pacing. The interactive question format would 
serve . to* break up the television lecture-demon- 
stcation format and revive intetest. , 

Drill, frequent repetition of prefire planning sym- 
bols and other material would aid recall. Quizzes 
would providjB a summary'and review. * . 

Administration. TKe interactive s^tefh, including 
a log-in profcedure,' frequent interactive questibns 
and computer printout of resufe, would improve 
training system administration and Teduce 'admin- 
istrative costs. , '» . 

' The Tyvo-Way Lesson Forniat 

With these hopes for two-way training, keeping 
within the technology, which- jA^e had availal^e. the 
format described Jiere w^s- dftvised "^ftnd^ iised 
throughout the television se^es. \ 
One-half hour before eacloje^on a pre-prbgram se- 
quence of character gfflgrPated Idisplays began. 

These are illustrated below: \ . 

' ■ . • ■ . ■* . , ^» 

*^ PrjB-Program Sequence 



PROG 9 - -PERIMETER SURVEY" 
. ''^ STARTS At 1:30 FOR 
STATIONS 1.2. 4- AND 6. 

TODAY IS BOBQUISrS BIRTHDAY. 

REACH BARRY MCGELE ON GBCH. 19 

ITOOLD^IREFIGHTERS. V^HAT - 
^WAS A "SPIDjER?" (ANS. AT'2:!|0} 

BULLETIN 
AVATGH THIS CHANNEL FOR HY 




(blue field) 
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Display #1: The normal character generated display fora 
dty^ on which. a lesscin was scheduled consisted of an an^ 
nouncement of the next j^rogram \\me. Added to^his-were 
more personalized Aier^ dealing with- the audience 
members. "Birthdays of firefighters wej^e announced along 
with information phoned jn by the audieuce. Occasionally, 
quiz questions were asked dealing witlr firefighter history-, 
sports, trivia, etc. It was also. possible tsrtftilize thp bdttom 
line of the display for a "longer message TA^hich would 
"crawl" across tiie screen fi:om right To left. * ' 



■A' 




(musical background) 



PLEASE STAND BY FOR " 
^ THE^PREFIRE PLANNING PROGRAM. 




PROCfRAM STARTS IN 
. 5:00r^iN. 



A' 



Display #2: Jwenty-two minutes later, a countdown t^pe 
Informed the men that'6nly five minutes remained before 
they wduld be required to log-in. The time at the bottom 
Ranged every 30 seconds to keep the audience uffdated. 
Musie was played .under the count A)wn. The slides over 
Which the message was plaCed cdnsisted of Rockford 
scenes and firefighting equipment. ' , . . 




•{blue field) 



\ 




(rod field) 



LOG-IN PERIOD IS OVER 



• LESSON #9 
> PERIMETER SURVEY 
U^ILL BEGIN MOMENTARILY 




. MSU/NSF/RFDP^ROJECT 
LESS0lsj/#9 ENTm? CODE LETTERS- 

STA CpDES LOGGED IN 

1 CAA CAB* CAC 'c^ CAE CAF 
CAG CDA.CDB' CDC CDD CDE 

2 AAA AAB AAC AAD AQA ADB 

» ADC Add' • 

4 . BAA BAB BAG BAD BDA 'bDB 

- . BDC, BDD BDE 
6 Df\A DAB^ DAC DAD IDAE DAF 



Display #3: Five minutes later/thelog-in started. The log- 
in, in effect, registered^the participantSjfor the lesson. The 
\f irefighters were given five minutds to enter their code' let- 
ters into the .two-way system. As an additional signal to 
begin the lesson, the words **'ENTER CODE LE'TTERS** ' 
were flashed during the entire log-in. The maximum * 
number in the audience for any lesson was 35, distribute? 
as in thqj^abo^p/fex&mple. As soon.as^the code was receiv- 
ed, it waFdFsplayed on the" television screen. The time 
given was ample for all stations lo log-in. This time could 
be redpced to.two or three minutes in future training. 
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Display #4: After the log-in, the lesson announcement was, 
displayed for approximately 15 seconds befoYe. the video' 
tape started. ^ . 

During the lesdon, a question waa-^ked for each 
rfajor instructional poijit made, withinWery two to 
five minutes. These were usually. Visual questions 
with foirr answfer options. The firefigtiters respond- 
ed by depressing A, B, C, D, or Eican^ decide) oi} 
the terminal and then the transmirSbutton. As^soon' 
as a response was received fg^^alrcbdes logged in, 
the respbnses ^of pach/ by cede, appeared 'on the 
television screens. ^ 



(blue field) 



AAA 


i) 


^BDA 


C 




CDA . C 


*AAB 




BDB 


C 




CDB C 


AAC 


C 


BDC 


C 




CDC C 


^AAD 


C ' ' 


• BDD 


C 




CDD C 


*ADA 


■A ' - ^ 


BDE^ 


C 




tJAA'^f 


ADB 


C * 


CAA 


•.c 




DAB IB 


'ADC 


C 


CAB< 


C 




DAC B 


ADD 


c 


CAC 


C 




DAD^ B 


BAA . 


c 


CAD 


C . 




DAE ^B 


BAB 


c 


.CAE, 


C 




DAF 'b 


BAC 


b 


caf' 


C 




DAG: B 


BAD 


c 


CAG 


C 






■ V 











J- 



Fe€Hback #1: This type of f^eedback gave the audience the 
answer selected by each individual as .identified by the 
code letters, this was used for the majority of the interac- 
tive items. ' ■ ' 
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(blue field] 



; RESpbNDED A; 

7 RESPONDED b' 

26 RESPONDED C 

1 RESPONDED D 




* (blue ffeld) 



' 3O0/0 RESPONDED A 

.20% RESPONDED B* 

150/0 RESPONDED C 

. 350/0 RESPONDED D 



.J 



Feeoback #2i This type of feedback gave th6 number 
selecting each option. It was used only 'Occasioridlly to 
vary the feedback. 




Th^ feedback confirmed receipt of the answers 
^nd ^ave-a view of how all others answered. If not 
all answers had been received in S'O secolids, those 
\^respoh5§es received tb that point were printed. If an 
individual, ^ group, failed .to respond to two con- 
secutive questions, they were dropped and the com- 
puter thereafter read only the remaining (iodes for 
purposes of advancing the lesson. This was nqces- 
sapy because stations were somje'ti^prfes called to a 
firiB during a lesson. ' - 

After the display of answers, the: system auto- 
matiqally returned to videotape and thfe narrator 
discussed the correct answer. The questions had 
been designediso that they represen*ted small learn- 
ipg stfep3 as in programm;ed instruction. The pro- 
grams were designed to have a correct re'sitouse 
rate of about percent so' thai the learners would 
have consistent positive reinforcement, Over all the 
' lessons, the average was 89.61 percent, with ve^y 

- few questions falling below the 80'percenf level. 

- Occasionally, "challenge questions" were asked. 
These did not relate tov ii]iforinat4^ ^ previously 
covered, but led into instructional material to follow. 
The object was to stimulate interest, teasing the 
learners into'the next unit. . ■ ■ ^ ' 



Feedback t^3: Feedback like this was used for "challenge 
questions" vi^hich asked the firefighters to give opinions 
about information that had not yet been presented. It 
displayed the\ercentafee selecting each option. 



At the end of each-lesson, a "quick quiz" reviewed 
ihe material presented in that lesson and' prior 
lessons, particularly the prefire planning symbols " 
These questions were not paced* by the participants, 
as'were the interaciive questions described above, 
but had a fixed five^second period for ^n^ering. 
After the" quick guiz^ tlie percent correct for each 
participant was prii;ited on the screen. ' ' 

(bluefipld) • .' 







QUIZ PERCENTAGE 






,AAA 


, 100 


~BDA • 


100 


CD A. , 




AAB 


160 


_:bdb 


100 


CDB 


80 . 


aAc 


80 


BDC -V 


■90 ^ 


CDC 


80 


AAD ' 


100** 


BDD 


100 


CDD - 


'80 


At)A. 


100 ' 


BDE' 


100^ 


DAA 


100 


ADB 


^ 90 


CAA*" 


,80" ^ 


DAB 


100 


ADC ' 


100 


CAB 


80 * 


DAC 


100 


ADD 


MOO 


CAC 


80 . ' 


DAD 


100 " 


BAA 


. 70 


■ CAD 


80 


DAE 


100 


feAB 


100 


CAE 


80 


DAF 


100 ' 


' BAC . 


100 


CAP . 


■80 


DAG. 


100 


'bad : 


100 


. CA(/ 


80^ 




J 















Feedback #4: Aftpr "qoiick Quizzes." tlie character 
generator^displayed the percentage correct for each in- 
dividual.^^ . • \ 



^ 



^5 
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After the qu|ck quiz feedback was. presented, the ' 
narrator reviewed the correct answers.' 

The lesson concluded with a character-generated* 
presentation of the percent correct over the whole 
lesson, combining the quick quiz with all other ques- 
tions. 



'(blue field) 



LESSON PERCENTAQE 



^AAA 


■ 100 


BDA 


"aab 


UOO 


BDB 


AAC 


/5 


'BDC 


. AAD 




BDD 


.ADA 


. loa ^ 


BDE 


» ADB 




CAA 




100-^ 


CAB 




• 90 ' 


CAC 


BAA 


/ 65 


CAD. 


13AB 


"100 


CAE . 


BAG 


95 


CAF 


I BAD 


100 ' . 


CAG 









100 

90 

90 
100^. 
.100 
^80- 

80 

80 

80 

80 

80 

80 



CDA 

CDB 

CDC 

CDD 

DAA i 

DAB 

DAC ' 

DAD 

DAE 

DAF 

DAG' 



80 
80 

.80/ 
80 
95 
95 

95 
95 
r95 
95 



iEeedback #5: At the end of each lesson, a total-score was 
. given which reflected the per.centage correct for ea^;h in-, 
dividual over all of the interactive items and the qjiick 
quiz, * * 

I / ■ . . ' 

Participants also saw the percent correct for each , 
shift of firefighters over all lessons to date. The lai^t ' 
two types offeedback intjoduced an element ohs^- - 
petition. Afte»^ the lessort was Qoncluded, a few' 
minutes of relaxation for the firefighters was provid- ^ 
ed by interactive computer games. 

V ^ {blue field) ' 
— — J* » — — ^ 



SHIFT AVERAGES TO DATE 



AAA 


95 


BDA 


91 


CDA 


AAB 


93 


> BDB 


85 


CDB 


AAC 


81 


BDC 


87 


CDC 


AAD 


92 


HDD 


100 


GDD 


ADA 


100^ 


. BDE 


78 


DAA 


ADB 


, 89 


CAA 


91 


DAB 


ADC 


94 


CAB 


91 


DAG 


ADD 


, 90 


fCAC 


91 


DAD 


BAA 


78 


fcAD* 


91 


DAE 


BAB* 


,100 


CAE. 


91 


DAF 


BAG 


93 


CAF 


91 


DAG 


BAD 


95 


CAG 


91 





93 
93 
93 
. 93 
88 
88 
88 
88 ; 
88 
88 
88 



Feedback #6: The final feedback for each Jesson was a 
display of the average score of each individual to that 
point jn the sieries. 



. /Immediately after each lesson, complete written 
deports on the les'sori performance fbr each partici-! 
pant were produced on the line printer. This includ- 
: ed an item-by-^tem response of each individual, by^ 
code letters, and the'individual's, final lesson scor^. ^ 
Across the bottom of the report was the-percentage 
correct for- each item: This was followed by the 
scores on each lesson of the series to date for each 
individual and the average score for the series. This 
report, which was blank for each incomplete or 
missecJ lesson, was u^ed to schedule make-ups. 

Computer Functions . 

A special user-oriented computer language" was 
developed^or setting up the lessons in the computer.; 
The parameters of each lesson were determined and 
stored— -the ^ types of questions, text of character .' 
genQr^ed messages, color backgrounds.' nature of. 

' feedback, correct answers, etc! The times that . 

• specific operations were to be performed wpre also 
stored in the computer. During the lesgon run^. the 
separately entered operations and timecodes on the ' 
videotapes were automatically coordinated by the^ 
^ lesson processor program, which contr^Dlled'the en- 
tire administration of, a lesson. ' 

*These operations include starting and pausing the 
videotape.* svdtching to character ^nerator. scan- 
ning the t^i^ninals for responses, generating feed- 

'back. restarti^ng the videotape, aggregating scqres 
and making printed reports/ Once a lesson began, 

•'everything from^ the log-in thrqugh tHfe final summary 
report was automatic. - - " . 

Content Researcti 

The content of the planning series was initially 
researched performing threg task analyses of 
prefire planning functions. The first two analyses 
were on prefire plan surveys for two buildings, a 
high . rise apartment for the aged and an industrial 
complex. The final, task analysis' rela ted to the^ post-. 
^survey steps in which a prefire plan is created^rom 
the survey matedal and put into use. 

From the functions in the task analyses, a 12- 
lesson series was developed. It included the follow- 
ing programs: I ' 

(1) . Prel^est r v . 

(2) Introduction to Prefire Planning ^nd Fire 
Protection Equipment. Parti * . * 

(3) Fire Protection Equipment. Part 2 

(4) Building Construction, Pa'rt 1 ; 

(5) Building Construction. Part '2 

(6) . Vertical Structuri^^ 
- (7) Communications, Rescue and Salvage 



r 



(8)' Hazardous Materials 
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(9) Perimeter Survey 

ClO) Posttest • • 

(11) Post-Survey Steps . 
- (12) Survey/Plan/Utilization. . . . ' » 

The development of each program vdthin the 
series included these s^eps: * ' 



(2) 
(3) 

(4) 



Preliminary research and outline ' y 
Statement of behavioral objectives / 

or Dr( 



Development and .administration 
on proposed content • 
iScriptcdpaft, review and revision^ 
(5) . Final script review and approval 



pretest 



(6) Location visuahand graphics production 

(7) Studio production and post-production 

(8) .Formative evaluation . at Station Number 
Seven (outside the cable serX^icei area) 

(9) Revision, final review and approval. . 
The programs were made in color on two-incK 

quad videotape and then dubbed to three-quarter 
inch cassettes. 

Ciable System Technology 

The entire instructional system represents a com^ 
bination of complex hardware and soft\yare. The 
hardwa^ necessary tp support instructional pro- 
grams of this kind begins ydth a viable two-way 
cable television system: to which' is added mini- 
computer-controHed video origination equipment. 
The software must coordinate the processing of a 
series oflessons, includingfControl of, all necessary 
video equipment and monitoring of student interac- 
tive response, in real time.- The hardware and soft- 
ware configurations for the Rockford experiments 
were designed to accommodate the siJfmltaneous ad- 
ministration of tw:o different lessons ovet separate 
video channelfe.^ ' 

System Overview , 

The Michigan State University-Rockf ord digital- 
return, two-v/ay cable communication systmh iii the 
firefighter training experiment uses respoinse pads 
.designed by' Coaxial Scientific Corporsftion at a 
"smfill-quantitycost of $150 each. The^ terminals 
arejmuch lo\Arer, in cost than the $3bo t^minarls usejd 
in mdfit other systems. They ar.e^adified standard 
cable television channel converters (Jerrold SX-^). 
Each standard converter has 12 push-button 
switches and a three-position band svdtch, normally 
used for selecting, up to 35 cable channels:' The 
adapted coiiverter has. in ^iddition, a four-position .( 
response mode switch .that can be set to the normal 
channel selection mode, or to one of three^ desig- 
nated response channels. (Figure 1) • 

1. During the actual firefighter experinjent. however, only one 
lesson was fun at a time. ■ , 




Figure 1. Response terminal. ModiHed Jerrold SX-2 channel 
converter. ^ ' . ^ 

When a response channel is selecte^i, the 12 jiiush- 
button svdtches and band svdtch function as an 
alphanumeric keyboard, whose symbols may be ar- 
bitrarily assigned (e.g., a template may be placed 
over the keyboard to provide specific)oiperation in- 
structions). The terminal's transmitter continuously 
sehds a 16-bit data word to the Computer-controlled' 

. receiver located a't the headend. This data word 
reports the status of the keyboar^d^ and function 
switches, as well as other pertinent information. 
When a- user wishes to transmit ah upstream re- 
sponse, he or she depresses the corresponding push- 
button svd,tch and then depresses the response 
transmit jbutton. This sets a response bit in the data 
word for ja short time, durijig which the response in- 
dicator liight is4lluinin§ted.-- 

In order to accommodate a large number of 
terminals, the cable network is accessed by the 
technique kiiovra. as »area multiplexing. In this 
technique, the network is divided into a number 'of 
primary sectors, each further divided into second- 
ary siBctofs, The upstream signal from each primary 
and secondary sector is passed by digitally control- 

' led in-line code operated svydtches (COSs), At any: 
• one time, the computer can scan a secondary sector. ? 
of up to 200 terminals, addressed by selecting a com- 
bination of on6 primary and one secondary switch. 
Each terminal vidthin a'secondary sector has its'own 
unique frequency. The computer-controlled receiver 
tunes in on this frequency in order to read the dafa 
word from the terminal.- ^ 

The minicomiDuter which controls the 'system is a ''lio 
General Automa"tionSPC-l 6/65 with 64K 16-bit v/ovdi I 
memory; real time operating system; 10 megawprd 
disk storage; and necessary peripheral equipment 
controllers and interfaces (Figure 2). Aii essential 
component in the headend hardware configuration. 

^ is * timecode generator/reader, used to synchronize 
'videotaped lessons with their corresponding coi^# f 
puter interactions. The Klichigan State Univer^ty- ' 
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Figure 2. SYSJEM CqpiGURATION 
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Rockford 'system's Shintrori 367 timecodB nrrft com- 
munibales with the gomputer via a video\nterface 
module ^designed and. built * for ^the project at 
Michigan Sljfate Universjty's Artifrcial. Language 
Laboratory. Fqr computer-generated text/ the • 
■» system uses a character generator 'whichjDrovide^i: 
four different sqftware-]9elect^ble colo^ v^^dk;^ 
-^groundsrThe computer also controls a video^witch' 
which selected'either the' video-cassette recorder/ 
player or 'the character^generator as the -source .of 
- the^outgoing video signal. Terminal data is collected 
using a frari&mitter Qnd scaiining receiver designed, 
.by Coaxial Scientific Gorpora^roq. • ^ ^ 

Upstream Response Tran^nlission 
EquipmentV - ' S 

^ 'The Michigan State University-Rockford Cable 
Pi-oject represents the successful application 'of the 
first and second- generation tvi/o-way cable tech- 
nology described-earljer. The Rockford Cablevision * 

\ plant . is a four quadrant, single, .trunk line cable 
system. The upstream response subsystem consists 
of control devices at the cable system headend, 
primary code operated switches (P-COSl, secondary 

• code operated switches (S>COS), response. terminals 
and test end^-line oscillators (ELO). (See Figure 3.) . • 
The two COS'S generate identification siglaals which 
are used to confirrh their activation. These signals 
are transmitted, to the cable system headend along 
With an FSK-mqdulated terminal signal and the ELO 
signal. " \ " . 

The Rockford system departs froni usiial system 

: design in one import^t respect— the feeder cable ' 
upstream path passes only the 5 to 10.5 MHz spec- 
trum, while frequencies of 12.5}yIHz and above are 
attenuated by 25 db or more:The trunk cable passes 

. the full 5 to 30 MHz; which includes the feeder data 
signals. This feeder cable, bandwidth limiting, 
together with the technique of feeder switching 
developed by Coaxial Scientific Corporation, and 
quadrant switching, has brought electrical inter- 
ference, short-wave signal intrusion and system 
amplifier-cascade noise down to manageable levels. 

The minicomputer discussed above sequentially 
interrogates the response terminals in the field by 
(1) transmitting coded FSK (frequency shift keyed) 
signals at. 112 MHz to addressable receivers located 
in the P-COSs and S-COSs, which select quadrant 
and amplifier, and (2) by tuning one-by-6ne through * 
the various terminal FSK signals, identifying each 
terminal. by its unigue combination of COS, ELO and 

. terminal frequencies. 

All return signals from each quadrant, shovi^iT%' 
Figure 4, are split to allow use of television Chiannels 
T-8 or T-9. and of non-switched data signals in the 



T-10 bahd to.be u^sed separately, while' the switched 
feedei* returii signals are isolated by a 5^ to 10.5 MflZ: 
low pass filter and routed to a diode switch operated^ 
by the minicomputer-cont rolled P-COS. A . P-CGS 
identifying tone is made to go through this.sy^^itch as 
verification of its operation. Feeder-return diode^' 
switch outputs from. all quadrants Bre brought to^ 
gether (with only one **on at a time), and after pass- 
ing through a second_fiiter and an amplifier, are' fed 
'to the FSK receiver. , ; , 

At' 'any instant of ternlinal interrogation', about 
4,000 feet of feeder cable, 9,000 feet of trunk cable 
and 15.000 feet^of subscriber service cable (i.e,, 40 
subscribers) are **on" and are a potential source of 
short-wave radio or electrical jnterfei^nce. the 
system is designed to survey only one quadrant^df 
the plant at a time, which drastically reduces 
"upstregrrn, on-line interference' from the remaining 
three quadrants. In addition, during this experi- 
ment, the amount of feeder cable and the sub- 
scribers-p'er-amplifier count were both low due to 
4he "turning-up" of only enough- amplifiers to create 
the desired return pattern. A norfnal fully opera- 
tronal amplifier would have about 8,000 feet of 
feeder and 65 subscribers with an ingress-exposure 
factor about twice as large. ] * * 

The. amplifier and S-COS configuration used in 
Rockford is shown in Figure 5. A Magnavox 4-MS-2 
series amphfier was factory modified (1) to Hmit the 
feeder return to the 5 to 10.5 MHz frequency band./ 
and (2) to include a feeder return disable ciapability 
which is accessed through the amplifier's unused 
seventh port. A^modifieJ COS incorporates the FSK 
receiver and addressable logic which provides the 
control voltage to the feeder return switch! This S- 
COS also injects a spiecial frequency into the return 
path which functions for test and identification pur-, 
poses. Finally, the terminal houses an FSK transmit-, 
ter which is "on" all the tim§ and which is modu- 
lated by activating any of several push-buttons, in- 
cluding the added transmit button, on the modified 
Jerrold SX-2. This causes a data word, which is also 
continuou^ transmitted, to' change its content ac-. 
cordingly. The ELO is a test signal transmitter 
located at the end of the line. This signal is siniply 
monitored for its presence and amplitude. 

The Traininci Experiment ^ 

Experimental Conditions 

The major manipulation in the field . experiment 
was the pre.sence or absence of a digital return 
capability, using terminals to initiate the digital 
return. This distinction will be referred to as the . 
TWO-WAY and ONE-WAY conditions. Within e^ch 
condition response modes were manipulated. 
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Figure4. tYPICAL HEADEND RETUBN CIRCUIT CONTROL 




FROM LOCAL 
TERMINAL 



In the two-way ccpdition thff'twb response mode, 
were: (1) a.tw(^way mdi vidua] response: treatment, 

' . which had one terminal for each participaht; and (^) 
a two-way group response trea^erit ft which ^ane 
terminal served all the participants at *5^1ected 
viewing locations.": 

^Within the one-way <:o)iditioh,. the' assigned^re- 
sponse modes'were (1) paper cmdj^encii response, 

^where d^ach firefi^er. circled answeir^ojitdons on* a 
prepared form, and (2) co\fert,^sponse; where par- 
ticipants were instructed to/mmce a nT^ntal note 
the answer.^ These interventions yielded the foil 
ing ^jperimental design: 

•■' r . r ^'^ • ff ' ' t 

>> ; ; Experimental Treatment ^ ' 

Two- Way Condition 4^ One^-Way Cond itio n 



secor 




Group ■ 
Roaponse 
Troe^tmont 



Individual 
Response 
TrOatm#nt 



Paper arid Pencil 
^psponse.Trisdt^nl 



Covert Response > 
Treatment ^ 



Two-VVay Group Treatment 

Participants (n— .54) in this condition v^ej^ed the^ 
videotaped lessons in six graups. 'Varyinly iii s^e 
' from 6 to 13, usir^ one television receiver rad^he^ 
terminal per group (Figure 6). Each tirp&j a nE 
• lessoii was viewed, a different group member oper- 
' atecl the terminal: after all lessons, each person had 
operated the terminal at least once. Group members 
were encouraged to interact with each.other about 
the content of the lessons and the interactive ques- , 
tion during the presentation. When the group had 
reached ia consensus as to the correct^.answer to an 
interactive item, the individual operating ^ the ter- 
minal initiated the response by pushing the- button 
on the terminal which corresponded to^n answer 
foil appearing on the screen. After the xesponses 
from all participiants in the two-way conditions had 



• Figure 6. Participants in.tho "two-way group'* treatment. 



Jbeen received, chari^^ generated feedback ap- 
peared on the screen in one of tile three jnodes 
described earlier. ThB^progi^m was-ttien*'s\v1tched 
bacX tp the videoGa^fesett^ wherG^the t^l0nt^ provided ^ 
the correct answer, / ^'^'^'^ ' % ' 
^ During the **quick quiz*' the group ha^ only five^ 
' ^'s after the last option appeared to^ake a 
ficUorf Immediately thereafter the scoces from 
^ quick quiz appeared by code letter. "Mter -the 
quick quiz ;w^'5discussed by the narrator, 4he total 
scores fdr the program, including the earli^ inter- 
active itMfis and the qtiick\fluiz, were presented* 
This w^ TolloYV^; by the' Cumulative score iPor the- 
series tjdate fo'Pall two-way condign members 
the\ pemicipating shift. In' all of the character ♦ 
genera tG|d; feedbaalc for the twt)-way group treat-^ 
mem theirarticipant-group members -within a §ta-. 
tion receiveSsidentical inforaiation-^scores or op- 
tions selected.\. . ^ 

V- . ■ . : ; . . ■ 

TwoMA(^y Individual Treatment 





Figure 7. Participants in the "two-way individual*' treatment. 

' ' X 

. Participants (n = 50) in this condition also viewed 
the video lesson in a group setting, but eacti partici- 
pant operated his own terminal (Figiire 7). Partici- 
pants were eneouraged not to talk with each other 
about^the content of the lessons duripfe the presenta- 
tion, and tb come to a solution to^^ach intera£:tive 
item independently. Once a solution had*^ been 
reached, each participant entdVed his ovm response 
by pushing the appropriate Terminal butjon. The 
feedback in this condition appeared on the s^jreen by 
individual cod^ letters. At each lesson's end, par- 
ticipants received character generated feedback 
reflecting their individual a^hidva W'ft»<»w « 4ha 4P^^^" 

'active itemst^ \ 

Since both individuoi and group conditions par- 
ticipated in lessons simultaneously the feedback on 
the television screens was a mixture of code letters 
arid resjjbnses or scores that represented individual 
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^^and group behavior. The msmbeM of the group cpn- v 
ditidn were abfe to show slightly^ better results on 
kateractive- items becasue responses represented a 
gtoup consensus. THe.^^verage score bver all the 
^ lessons for parti^ip^iits ia the grou'p cp»di|jtio'ri 
96.74; for indivic^al cOhditQii partiGiparits, 88.44. 

le-way Paper and Pencil 
;Re|p6ns^Jr^atmQ^t \^ ^ 

In acjdition te vie\ving-vtte_^sons in a Hroii|) set- 
ting,^e^ch i;jar|icipant in4^^^ (n=-^) \^ 

given an;-.d^wer she.et Tor the interactive iterfl^ 
presented ^ the lessoRS. Participants were en- 
couraged nflt'to mteract \A^th' each other aboilt the 
content ofrthe l6i?spnsji«1ng the presentation, and 
each participant independently responded to each 
interactive ite)m^resented. IWhen an answer had 
been chos^jn, thej participant was instructed ^circle 
the appr.opr-iate foil on^e answer sheet whmh cor- 
responded to ^the foil prfesented in the lesson. The 
answer sheqts were collected by the company of- 
ficer after^ each lesspn 

One-way Covert Re^spon^e Treatment 

Participants (n = 50) in this ^onditioji simply 
viewed the lessons in ifj^roup'setting.- There were 
nine total groups which varied in size from fout to 
jjighj me4i. While participants were asked to make a' 
mejatal note, of the answers to the interactive items, 
they ..had no opportunity to /iarmaliy initiate any 
respdnsesv to any of the inte^tive 4tems. Par- 
ticipants ^could judge how well they Were doing on 
the-s&fies* of inter aqitiye items by mentally compar- 
ing their'^n^ers with^the^nswers provided by the 
narrator. HoivqYep.^aJ^Wtime were the participants 
in eith^ oue-way ' treatment provided with feedback 
indicating hoy/ they ^ared on the series of questions 
and quicJ^ quizzes. 



The Pre/Post Tejst ' 

To adequately assess how much immediate learn^. 
ng^a^tak'en place within egch experiin^fital coiidi- 
g pretest and a posttest wgreQConstruQted* 



1 

tij^, 



Instrumentation 

Two types of measurement i^istrliments were 
created to assess the effects of the maiilpulations< ^ 
.(1) two learning instruments, ' 'which were 
* designed to assessjthe relaftive comprehen- 
sion and retention ';6f specific iriformatipn 
presented in th^lessons, and 

(2} two affective -ins trurfents, which were 
i^designed to assess theyttitudinal orienta- 
^ *tion of the individuals participating in the 
^ expertoient toward various aspects 6f their 
/ learning experience and viewing conditions. ^ 

The mea^surmnent instruments that were tievelo^d 
will now Jbef described in detail in terms of objec- 
tives; development and administration. » 



whiob eovered4he building survey aspect^ of prefire, 
plamjifig (eight programs]! A pretest consisfed of 27.* 
foi>^foil multiple.-choice items, with one item' lapping 
'eacK ©f the 27 behavioral bbj[ective^ developed' for 
the lessons. These were .27 qf^77 interactive itans 
shown during th^ yideota^ped lessons:' At the time- 
whefl these 27 items were sel 3ct§d for the pretest, a 
sei of 22 additional interactive jtems wa^also drawn 
f™n the 177 items usGjdin the eight^rogr^ms. These- 
tipped 22 of 'the ^n/e behavioraV;objectii»^S a^d 
were usei;! as pa^ of the posttest. A thicd se< of items^ 
. also was oonstructed; oi\e item, tapped each of the 
origjjiar27 behavioral objectives developed >fo/f\the 
^stimulusjione in this fin^l s^t of 27 items hag- been 
used as interactive item's during the programs; they 
Were-d^signed to be equivalent to the other'/itBra^ts' 
• in terms of content areas tested and degi\ee*Of dif- 
ficulty. ^ 
The posttestaConsisted of; 

the 274tems which appeared on the prqtbst' 
^ (b) the 22 it^ms drawn from the remaining set of 
150 interactive items not appealing on the 
pretext, and ' * , ^ 

(c) the j27' .equivalent items which tested 
!. , material presented iiiThe stimulus tapes, but 
i which had ribt-^ been used as interactii 
items. ^ ... 

The items were' all transferred to a videotape ^or 
mat most closely resembling a long series of interac- 
tive items. This allowedYorthe^simultaneous admin- 
istration of^sts to part?|?^ants in all conditions. 
The. pretest was administered one week ;^fter a 
« ^three-week Tperiod of orientation given to., all par- 
ticipants. -describing^ the telecomLmunication system 
^and other dynamics of the experimental design. The 
/ posttest .was administered one week after the last of 
the eight videotkpes comprising the prefire planning 
course was cablecast. A;his- was approximately 18 
weeks after the pretest had been administered. 

'For pre- and p'osttests, each participant was* given 
a response sheet which contained the foils of the 
multiple-choice items in the tests. *To respond to any- 
'"Item, the participant circled the letter on the 
response sheet which (f:or#esporided to .the item foil. - 

\ The Folio w-Up In^rument 

To adeguately^jess how much information from 
the prefire planning^urse participants in each ex- 
perimental condition retained over time, a follow-.iip 
instrument was constructed. This consisted of the 76 



\^t8m posttest and'ih^^^^^ from*virfbo- 
tape Program j^il. These items, were sjpecificaW^ 
created 1o assess 'knowledge about the post-survey « 
/pref ire* planning process^ The follow-up test was'a'd--'^ 
_|!iiriistered to all members . jSf the Rockford tifiBr" 
Dtegartiifelit Approximately six .,montbs^ after the 
• prW^p^Tpl&iT^ing^c 

Alfective Instruments' 



measurement 'instrumertts were created to 
asseag quantitatively the partltipantb' attitudinal 
oriejffation toward various aspects of the overall ex- 
periment.. Fir;^d» metric multidimeijsiohal instru- 
(ment was constructed for assessing the par- 
i:icipants* attitudinarorientation toward: ' . . 

(a) > the mode of instruction, 

(b) 'the prefire. planh4rig. content of - the 
u videotaped lessons an^ <^ ' . 

• (c) the profession of fifefighting. 
A second affective instrument was constructed to 
assess the participants* attitudinal brifentatiori 
toward specific aspects oT the'viewing conditions. 

Results > 



An analysis of variance of the results of the 27 
item pretest indicated that there were no significant 
differences amongst reatriierits in the scores fire- 
fighters attained on tfie pretest. ;^Each treatment 
scored an ^average af 16-17 items correct of the pos- 
sible* total of 27^^ However, at the time of the posttest, 



. ■ , . ■■ • ■ 0 • . . . . • • , • 

theL.grpups differed Significantly in their oyej;^! test 
J S'cores. T^ble 1 shoyvs tiie treatment scores for -the 
;T . entire ppt^ttest ranged from 64 to 69 items correct of 
^he possible .76. All grcfugs scb^ relatively high on 
il-^lhe.posttest, but the overall signigcant difference 
occurred in the (pMiparison of firefighters in both 
^" o-way treatments with firefighters in the one-way 



cp^ 
way 



response treatment/ Firefighters in the two- 
latments scored signifioantly higher ep the 



cai 



posttes^han did firefighters in the one-way covert 
fespon^Veafihent. ■ ■■ . ■ ^ \^ • 

SepmratA analyses'^f yariance werei^omputedfor 
^^^^ 95 '^ three sub-tests .which comprised the' 
over^jiT5TJsttest .(also in Table 1), There^ere signj^i- 
^ differences^between firefighters m both two- 
ly treatments knd firefightei^ Jrl the one-way 
cfovert response treatment in the Iscorps th^y ob- 
-tained on the set of 22 interactive ytems and the^!^ 
non-interactive items. For theser tjwvo sets of items, 
/^''^ere were no significant differences betwera firfr^ 
5 fighters in the onerway paper and pencil t-reatment 
and firefighters in either two-way treatment. 
' Fukhermore, the table indicates that for the 27 . 
interactive items which appeared on both the pre- 
test and the posttest, there was a significant dif- 
ference between the firefighters in the two-way in- 
dividual; treatment and firefighters, in the one-way 
covert response treatment. For both the' repeated 
an4 unique portions of. the posttest then, maximum 
learning occurred among those in- the two-way treat- 
ments and least learning in the one-way covert 
'response treatment. . . , 



^able 1. Posttest Scores in 76 Cognitive .Items by Ti:eatment Groups 



■ " .' 


■ Two-vvay ' 
individual 

(N = 47) ' 


Two-way 
• group " ^ 

(N = 48) 


One-way 
paper/pencil 

(N - 54) 


' On&rway covert 
response 

(N = 52) 


Total for posttest" 


69.02 


68.60 


-66.31 


63.85 


Subtests . ' 










1. 27 items from pretest*" 

2, 22 items from VT 
lessons' 


. "24.84 
20.09 


24.52 
20.33 


23.88 
19.20 


23.22 
V 1^75 


- 3. 27 new items'* 


24.09. 


23.73 


23.26 


21.85. 



-The differences among treatments are significant (F = 10,63, df = 3/197, p < .001). The means for both 
two-way treatments are larger tharr the means for the one-way. covert response condition fn < '01 
. Scheffo). .^^ « ■ , ■ " * ' ■ r 

"The differences among treatments are significant (F = 4.65. df = 3/188, p < .005). The difference be- 
I tweeh the two-way individual and one-way. covert response treatments was significant (p < .01, Scheffe). 
The pretoat means from left to right, were 17.07. 16.85. 16.48 and 15.78. T-he differences among treatments 
were not significant (F = 1.52. df = 3/188. p =.n.s:). 

'The differences arpong treatme&t;3 are significant (F. = 9.47.^f = 3/197. p < .001). The means for both ' 
two-way treatments are larger than the mean for the orie-Way. covert response condition (p <'.6l. Scheffe).' ' 

"O'he differences among m^ans are significant (F = 8.44. df = 3/197. p < .001). The means for both two- 
way treatments are larger than the mean for the one-way. covert response conditon (p<.01, Scheffe). 



4 ■ . ."■ 

. . Table 2 shows thTat the 'treatm'ent scores in the 
foj^ow-up tesi ranged from 69 to 74 items. correct ^ 
-thjB possible 83. While all groups, averaged better 
than 83 percent of the items correct, firefighters in 
the twQcWay individual treatment scored signifi-^. 
cantly higher than did individuals in the one'-wajTl 
paper and pencil treatment,/ 

Separate analyses of variance were -performed 
for e^ch of the four>sub-sets of items which com- 
. prised the follow-up test; T^e resuhs of thq^^ four 
analyses of varjgjiGe appear in Table 2. 



Table 



^J^ll6w-up Porsttest Scores by^Treatmenl jaiiid 
Item Subsets • , . 







Treatment 










One-way 






Tw'0"way 


Two-way 


PapTer/. 


One- why 


Item Subset 


Indivic^ual 


Group 


Pencil 


Covert 




.(n=45} 


(n = 48) 


(n=:53) 


£n=:501 
71.76 


Kaw scorns. 


74.31 


72^8 


,69.08 , 


items'' 








. Pro/Post, ZVMtima" 


24.51 




23.08 


23.72 ^' 


Post-Only. 22 items' 


r9.82 


20.21 


16.74 1 


19.36 ■ 


Eqiiii^jrient, 


24,16 


23.50 


■ 23.02 


23. 2t) 


27 items' ■ 








Ninv, 7 items" " 


5.82 * 


* 5.27 


.4.85 : 


5-.48 



'VUv. (liff('nMu:(;s atiionj^ ^re.jtrncjnts, , aijo stnti.sticallv si^nifirant. 
{]• 4. .17. lif = :\/W2. p < .OD.'T.hii ni«nn fur the two-way iiulividuartrnat- 
nurnl i.^ statistically hir^fjr than thu muan for thn oiui-wiiy paper and p(!_ncil 
tn:atnuint (p < .01 : Schftffo). 

TIh! (lrffer(;n(:(!s anions truatrnnnt.s an; stalistinuUy siKiiifirant. (F -, 
2.9S. (If ~ :i/H)2, p < .05J. Th(} m(ran for the two-way intlivitliial treatment is 
:.^tati.sti<:allv. larger thiui tln' mean for the one-way papfir.antl pencil treat- 
tiuuit (j^ < .(JCv. Srhefft\l.-- ' 

The (liffer(?n(U!s amon^ IreatmdntH are statistically significant. 

=^r).44. (If = 3 "1<12. < .01 ). Tho m(?an for the two-way J^ronp treatrtujut is 
'Statisticallv larijtrr thiin the nie.in for the one-way paper and pencil treat- - 
riKMit (p < .01: .Scheffe). ^ 

^Hu^re wt:r(! no *yi«nifi(:ant differences amon^ the means for this stit of 
it(?nis (F'= 1.74, (if . 1^92. p = .Ki). ' 

'Th(? (iiffijr/uicdis anions treatnunits are strdistically si^nificnnt. 
(F- = {\.7{\. df = 3/102. p <".0()1). The moans for tho two-way individual 
tniatnienl and tlur one-way (;ov(srt treatmtjnt are each statistically larger 
than«'llie m(Mn f(ir th(} ontj-wju' paper and" pencil treatment (p < .05r 
Sctujffe). These new items r.ame from .lesson <*1 1 . 



(1) The Pre/Post items. The condition scores 
-ranged from; 23 to 24 items correct of tWe pos- 
sible 27,'^\yith a significant difference between 
the scores obtained, by individuals in the two-, 
way individual treatment and the scores ob- 
tained by participants, in the one-way paper 
and pencil treatment, firefighters in the two-, 
way individual treatment scored slightly (but 

: not significantly) higher on these items than did 
firefighters in the one-way covert response 
. treatment . ^ . ^ 

(2) The Post-Only Items. The treatment .scores 
ranged. from 18 to 20 items correct of the possi- 
ble;22, with firefighters' in the two-way group 



respon^pi ;sogring j^igniJicantly higher than^.; 
^nrengMe^rs.4]S:Mhe /)n^-^ paper and pench 
^sponsG. '^I^^-^ ■ : / " " ' 
, he"' Equivale^>^M[t treatment scores * 

-i^rangecf.froilrt^fe^ to'24 correerf out^of a possible 
27V witJr njf^^ighificantr differences lamohg the- 
^ groups. • • ^ " ^ 

. t^JThe New Itemsv Th^ condition scores rang'gd 
^ from foiijr to^five correct, out of a possible 
sey^n! The firefighters m the ^wchway^jn^ 
dividuaj response mode^ind the one-way covert 
' response mfide each scored significantly hi'gher , 
on these, seven items lliau did participants in * 
the one-way paper and pencil response. 

On the basis of these findings, we feel confident in 
concluding that there was considerable retention of 
the information ^presented six -montKs after the 

• prefire planning series vUas cableCast, with par- 

• ticipants in the two-wa7,conditioo4ypiGally scoring 
slightly better than participants in the one-way con-' 
dition. This was especially so for the two-way in- 
dividual terminal participants, 

* ' ■ . * *i , . 
Attitude Toward Specific ^ 
yi^w(ing Conditions , T , 

. From Tables 3 and 4, it appears that personal, 
satisfaction froiji the televised lessons while han- 
dling the terminal increased over time. Further^ it 
was important fqc each individual to see hi^ID code 
log in, but. primarily if it meant that the firefighter . 

Vvas personally identifying himself as the terminal, 
handler for the entire interactive lesson^ and not just 

. the log-in itself. There was uniform.participation in . 
r checldng pne's own scores against the correct ones, 

• and thosfe of other firefighters. 

.At both testing sessions, a common set of ques- 
tions was administered to participants in all four ex- 
perimental treatments. Thesfe results are in Table 5. 
For each question, the participants were to compare 
their activity to what they believed it would have 
been like under conditions-of live instruction, with 
live instruction to be considered a score of "100." 
-Row 5a'indicates how interesting the participants 

Tables. Affective Responses to- Terminal in 
. „ , Two-way Group Treatment 

Behrens' . 
' T, T, Fisher 



i ■ 



Times Handled' 

Satisfaction 

Attentiveness 



1,12 
71,30^ 
98,59 



■ 1,59 
. 80,37 
100,85 



2.35" 
1.03 
>0.22 
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judgdd their particular mode of receiyrng the prefirei 
planning training/ At Time 1. the groups are not dif- 
ferent The two-way individual participants had a" 
substai^ttal increase on this measur'S/such' thSt by 
Time 2rt|iey showed a riaar significant difference 
(P<,10). from \he other ^eatments. Row 5b in- 
dicates that the iitteractive items wete useful for all 
groups at both time periods, although they never 



quit^ matched the live situation. HoweVfer. the third 
item, asking how much they thought th^ey learfied 
compared to live instruction, shows th^at alntreit- 
"ments believed they learned nearly as^ijph or mgre 
'than in live instruction. Across all these items, tfiere 
is a pattern suggesting that maximujn interest, util- 
;ity and perceived learning^eveloped primarily in 
the two-way individual treatment 



Log-in Important 
Compared Scores " 
Compared Answers 
Satisfied in Seeing . 
Answers Right 
Important to Know' 
. Quiz Scores 

'P < .05 
*p<.10 



Table 4, Affective Responses in Two-way Treatments 



X 



Individual 


. Group 






Individual 


Group 




.'84% 
68% iL 

92% 


. ' 64% 
74% . ' 
'-■74% 
88% * . 


(1.67)- ■ 
( .50) ^ 
( .17)- 
( .33) 




93% 
. 81% 
, 65% 
^91% 


52% ^ . 
%1% 
76% 
9.3% 


(3.73)" 
(0.0 ) 
(1.00) ^ 
( .18). 


80% 


, 76% • 


■( .33)- 




810/Op 


.64% 


(1.55)* ^ 



Compared to 
Live Instruction 



"a. How interesting? 

b. How useful ^he questions?. 

c. How mucji learned'^ 

/• 



Table 5. Comparisons of Instructional Mode with Live Instruction 

Twe-lVay One- Way 



Two-Way 
Individual 



T, 

. 89 
82 
104 



106 
85 
104 



^ Group' 

►'88 82 
78 71 
85 94 



_J*aper/Pencil 

84 82 
64 74 
101 90 



One-Way 
Covert • 



T, 
101 
73 
105 



83 
79- 
90 



The Multidimensional Affective Results 

The data resulting from over-time administrations 
of the multi-dimepsional affective instrument strong- 
ly indicate that. by the end of the experiment; par- 
ticipants in the two-way individual treatment more 
favorably evaluated their profession of firefighting; 
their TV training experience ;(by a considerable 
margin) and the content of the videotapes than did 
participants in any .other treatment. Across the 
three sets of concepts, at the conclusion of training, 
participants in the two-way individual treatment^ 
consistently reported smaller mean distances for 
each positive attribute included in the. set: of con- 
cepts. It was anticipated that an effective training 
program would result in the development of a **posi- 
tive attitudinal orientafion'* oti the part of the par- 
ticipants tbward their profession, the content of the 
programs and the learjiing experience itself. While 
the orientation of participants in the two-way group, 
one-w^y paper/pencil and one-way covert response 
treatments is somewhat inconsistent across the 
three sets of concepts, we conclude that their orien- 
tation is somewhat favorable toward each of the 



focal concepts, with the orientation of the partici- 
, paills inthe twb-way individual treatment being con- 
siderably more fdvorable. 

■ ■ .■ 

Performance. ^ 

' A final assessment^'of the effect of the training 
; wais an evaluation of field performance. After train- 
ing, the first 28 prefire plan building surveys were 
'scored for accuracy and completion. A perfect score 
was 100 points. The. average score over the 28 
surveys was 91 and thetnedian score was 93. 

Most of the errors-were of omission; a heading or 
subheading was left blank. Often this occurred 
where the item was not applicable, but it was not in-' 
dicated-as such. The lessons did not emphasize a^ 
standard respionse ^to i;ion-applicable blanks on the 
survey form. Another failure was to neglect the 
perimeter area, if observation of the perimeter did 
not indicate major ha2>ards or buildings. The proper 
procedure, included in the lessons, is to note such' 
perimeter features Wis Railroad tracks and power 
lines. 



Symbols for diagrams, a major element of the 
.training, were consistently correct. TSirty-fivef^ sym- 
bols ^ere taught, Aone of wfii(||i were known at the 
' beginning of the instrWtStrr 

Performance on-the-job is perhaps the best test of 
the trading system. In this case, performance 
evaluafion confitmejd the'' generally high learning 
levels as measured by the posttest. Because of a, 
number of transfers that mixed the treatment 
.groups, no attempt was made in^ the perf6rmarbce 
/test to differentiate aMfi^g treatment conditions.* U 



Cost Analyses 

This section' describes the cost of training all fire 
station T:feFfiOfHial-t&-pT^fiFe plan using the two-way . 
cable system and thfen presents; general cost datg 
compjiring one- and two-way cable systems. ^: 



Training Costs 

""We calculated training, costs as if sill of .th^ 
firefighters were trained by each of our four ex- . 
perimental methods. In addition-, we have estimated 
costs for three other training methods'— auto- 
tutorial, lecture at the Training Academy and lec- 
ture at the fire statiqns. The auto-tutorial method 
costs were^based on"^ a videocassette playback 
machine bicycled from station to >station. The cas- 
settes would be identical to those used in the ex- 
perimental treatments. The lecture at the Academy 
is assumed to be a well-designed 'series with slides 
and graphic components comparable to those used 
in the television programs of the experiment. Th^ 
lecture at fire stations is the same as the lecture, at 
the Academy, except that the lecturer, with visuals 
and equipment, movos from station to station. . " 

All three of thest uonventiorial methods are used 
b^ th^e Rockford Fire Department and constitute the 
major training alternatives. Overall, the seven train- ' 
ing options . present a comparisbh of the. more 
capital-i^itensive training methods (e.g., two-way. 
individual terminal) to more labor-intensive ap- 



' proaches (e.g., lecture at the. s'fations)^ : !, * * 
Costs T^re^calculated for 200 firefighters (close to 
. the number gomplfeting the training in Rockford^ and 
for a larger lOOb-firefighter unit. . 

Sgjne basic assumptions were necessary to make 
thA?alculations. In comparing the? actual costs of 

/caple training with estimated costs for auto-tutori^l 
^nd lectures, it was assumed that -the quality of the 
lectures and auto-tutorial videotapes were equiva- 
lent to the, videotapes used in cable-delivered in- 
s^trucfion. In the case of auto-tutorial, the same 
tapes could be usecrso the. development and produc- • 
tion costs would be identical. . For the "lectures, the • 
investment would be made in researchin^nd 
writing the lectures as in the^ preparation of the 
scripts for television. The visuals— slides, films and 
graphics — used in t^ie lectures would be essentially 
the. same as those .used to* make -the videotapes; 

. therefore the costs would be the same. The only dif- 
ference between lecture and cable development and 
production cosis,* then, would be the studio and post 
production costs. 

The weakest element of the comparison is in. the ' 
cost of **response processing, feedback and record 
keeping.** This is r^elatively easy to calculate for one- 
way television, auto-tutorial . and lecture, but in- 
volves the costing of the Jvvo-way cable system for 

*^'the two-way cable instructional methods! Fortunate- 
ly, Rockford Cablevision has a **System Lease Plan*.* 
which prices two-way services. (2) Some of the ser- 
vices involved in the experiments were not priced, 
since the equipment and the service were unique to 

. the experimentSv However, tharationale'*foy pricing 
service is included in the **Sy stem Lease Plan.** The 
lease price for headend equipment is calculated at 
one-thirty-sixth of the original cost of the equipment 
per month. The lease price for the terminals is one- 
eiglvf^b^ith of the original cost per month. Customer 
terminal. equipment is priced higher . than the equif)- 

^ ment.that remains in the hands of the, company: 

This is a^conventional pricing scheme. However. i\ 
assumes that firefighter training would be the only 
service and provide the only return in the capital in- 
vestment and operational expense. Other users, arid 
potential users, have emerged who might share in 

^ covering these costs, reducing the charge to the Fire 
Department. Assigning all costs to the Fire Depart- 
ment training applications is the most conservative 
approach. . * 

The results are presented in Table 6. 
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Table 6. Ck)st C0I^paris(Hl9 in Training Methods 



' . CABLE 



Two-way^ Two-way * One-way a One-way Auto- Lecture Lecture 

Individual Group Paper/Pencil Covert " tutorial Academy Station ^ 



- , (Cost of cable training 200firGfig!itor? in 10 stations in a 12-lesson series originally produced by the 

\ . ' ■ /. ^ire department compared to auto-tutprial and high quality, visualized lectures.) 

Total ■ $78,201 >^ $76776 . .. . $71,762 ■ $70,874 .' $76,154 ' $58,752 $6a912 

I^Cost per lesson. V* . 

perperson - ■ . $32.58 $3i:99 $29.90 - - $29.53 $31.73 $24.48 S25.38 

(Cost of cable training 200 firefighters^n 10 stations in a 12-lesson series with purchase of ^ 
prepackaged materials compared to auto-tutorial and highi^uality. visualized lectures. P 
'^o^^^ " M2;679 ' $11,234 $67240 $5,352. $10,632 .$58,752. $60,912 

Cost por lesson. ^ ■ ' * 

per person . ^ . $5.28 ■ , $4.69 $2.60 $2.23 $4.43 ' $24.48 $25.38 

■■ " . -. . ■ ■ <' * ■ 

, / jAvorago series cost of cable training 200 firefighters in 10 stations in a 12-lesson series \ . 

. / . . /rlginallyprbducedby the fire department with six repetitions over a period of ' ' ' 

12 yoarsjcompared to auto-tutorial and high quality, visualized lectures.) 

To*"^ . . ;, $20,599. $19,174'^ $14,160 $13,372 • $18,552 ^$13,935 $14,007 

Cost per lesson, , . • ^, ,■ 

porpersoii $8.58 ,$7.99 $5.90 -$5.53 $7.73 $5.81, , \ ■ $5.84 

. ■ ; ■ , » ■ , t • ■ • ^ ' . . _ ' ■ ■ ■ • ■ ■ ■ ■ , 

(AvcragGseriescostof cable training 200 firefighters'in 10 stations in a 124essorrserics with purchase of 
- prepackaged materials with six repetitions over a period of 12 years compared to 

• ' ' auto-tutorial and high quality,.visuali.zed lectures.) . - v 

Jotal / < $9,679 . $8,254 $3,240 $2,352 $7,632^ '$13,935 $14,007 

Costper lesson. ... - ^ . . . 

■ perpcirfeon -$4.03 $3.^ - $1.35 -:. $.98 $3.18 ' $5.81 ' :$5.84' . 



■ (Cost of cable'training 1.000 firefigliters in 50 stations in a 12-lesson series origin'ally produced by the fire,-. 

/ . department compared to auto-tutorial and high qiialityr visualiz^ lectures .1 " ■' * 

$84,901 $77J7Q ■ ■ $7^;218 $71,162 .$103,802 "y^- $101,312 \ ^$ll£l 12 



Total 
"^i'Cost perTesson. 

^ po'rpoVson - $7.08. $6.48 * iS6.27 $5.93 $8.65 .. ' $8.44 ' . ^ $9^4 * 

'j (Costof cable training 1,000 firefighters in 50.stations in a 12-lesson series with pu^^^ • 

. prepackaged materials compared to a|ito-^utorial and high quality, visuaiizedlectu " ' -4^ 

... . $19,379 . $12,254 S.9,696 * S5i640 . $39,280 $101;312/ '$112,.11'2'' 

Cojit. per lesson. . , ^. ^' ' ^ ' , . ' ^ . . ' •. 

' perperson $1.61. ' $1.02 .$.81 . "$.50 ' : $3.19 • ' . $8.44 $9.34^ 

^ * * ■ ■ -■ ' % . ^ * J ■ ' ' • 

, ■ . " ' ' . ■ ■ - ■ ■ , . .■ , . - " f' 

. . . X .. (Averngeseries'cost of cable trainingl,o6ofirefightersin50stationsinal2-lessonaeriesoriginallyproduced 
. • . within the fire dopjirtment with six repetitions over a period of 12 years compared to 

auto-tutorial and high quality, visualized lectures.) * ■ ' 

. ■ $27,299 $20,174 $17,616,.. $13,560 $46,200 * .. " $61,319 ^ - $72,119 " 

Cost per losson. . . , " . ': ^» ' ' , . 

. perpersbri ■ $2.28 $1.68: , $1.47 $1,13 ' $3.85 ■'$5.ir - S6.01 

. ' /. (Avoragoserioscostof cnblotrainingl,OOOfirefightersin50stationsinal2-l^^^ 

V . *. . " purchase of prepackaged materials with six repetitions over a period of 12 years compared to' \ ' • 

•• . . . " ' ' . to-tutorial and high quality, visualized lectures.) \ ' ' * - 

Total : : $17,195 $9,254 ' ' $6;696 $2,640 $35,280 $61.5l9- . $72,119 

Cost per lesson. ^ ^. . ^ ' . ■ • ' 

per.p.erson- ' ^1 .36X "'■^ • . $^ :77 " ' . " ,$ .:56 ' ^ $..22' $2.94.'. «-$5.ir.. . ' ..$6,0r • » ^' 
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Cost 6omparison9^ MO iireflghter department. 

For the Rockford Fire Department, or comparably 
sized departments, training cdsts for'cable and auto- 
tutorial methods are higher than lectures 'pt tlie 
' Academy or in the stations when the videotape 
materials for^cable and auto-tutorial are produced 
' professionally in color. Haw^yer,' if ^, these video 
materials are produced- elsewhere t^ncj^ purchased 
by the Department, the costs of cable and auto- 
. tutorial instruction are oply about one-fifth the cost 
. of leictures. When lessons are repeated often (e.g., 
every two years in these calculations),^ the costs are 
substantially reduced for Department-produced 
lessons, and one-way cable instruction becomes less 
costly than lectures because ''presentation person- 
nel" .costs are much lower. When video materials 
are purchased, from outside', the costs of all cable 
methods and the auto-tutorial method^re less than 
lectures prepared and delivered by Rockford Fire 
Departngient personnel. 

In all cases, two-way cable instrutition costs more 
than one-way teleV:ision with the one-way, covert 
response method least expensive. This last instruc- 
tional mode, however, was also the least effective 
teaching ^method of the four cabfle methods evalu- 
ated in this experiiltent. Two-way cable is from two 
'to threre times a& expensive as one-way cable. None- 
^ theless, for this most effective cable method, the cost 
i9 as low as $3.44 per lesson 'per person. The lowest 
cost for the lecture method is $5.81. It might be more 
fair to compare two-way cable to lectures than One- 
way cable, . j;ijice the questioning and feedback in 
two-way cable serves aa a^ubstitute for the live in- " 
structor. ■ 

Two-way.cable with individual terminals/or each. 
trainee is only slightly more expensive than two-way 
cable with one germinal per station. Although learn- 
ing was not affected by /this differencet the clear' 
^preference of firefighters for the" individual ter- 
minals might justify the small additional expense^ 
,^ Cost comparisons* 1,00Q firefighter department. 
'For the larger fire department, with 1,000 
firefighters, even v^th the cost of producing video 
materials interna)^^^ 'for use on cable, the cost is 
about one-third leso than lectures. The cost relation- 
^ips between two-way and one-way are about, the 
same as in the smaller department, but the costs of * 
two-way cajble instruction were as low as $.77 per 
lesson per person. 

^ .Cost comparison betweea one-way and two-way 
caCtle. It IS pertinent to the cable operator, and tothe 
cost analysis of two-way cable, to determine the cost 
differential/between a cable system with two-way 
capacity (ampUfier housings capable of accom- 
modating modular additions of return amplifiers and 
filters) and a cable system with the on-line hard- 



, ware (return amplifiers and filters] jn place. We will 
cali^tfe latter case a **two-way ready" system. The 
, two-w'^y ready cable system is- capable o^ two-way 
^communication vdth Terminals of some sort in the 
/feeder system and a scanning and processing system 
at th^ headend, this cost analysis (reppr^ted in 
. Volume II) suggests that: (1) larger cable systems 
are more likely to find the initiation- of two-way ser- 
vice profitable than are smaller systems ; (2) the 
costs of qperating a two-way cable' system are more , 

- likely to impede initiations of two-way services than 
are the costs of construction; and f3) over time, Ww/ 
two-way services such as- per-program pay cable 
present the potential to generate prof^ in excess of 
thoBe which cjDuld be earned by one-way systems. • 

Public Policy in T^o-Way Cable 

The study of two-way cable technology m public 
service appHcatioris has identified a number- of 
public policy issues to be faced as two-way services 
expand'and develop. This sectfon presents fhe back- 
ground of existing pblicyin two-w^y cable communi- 
cation, identifies definitional problems; suggests 
policies for the iihpletq^i^ijtjition of twb-way service 
and outlines some of'^ the responsibilities of local 
franchising authorities /pique to two-way Services, 
particularly/in the area of upstream spectrum allo- 
cation. ^ 

Need forClarif icatioh of Two-Way Capacity ^ 

' Two-way capacity is) treated, by the FCC as 
something less than acJiVe two-way sel-vice. Unless 
• this^distinctian is clearly understood by franchising 
authorities, the prOmise of two-v«ay capacity may be 
misleading. The F(?C view of capacity does not re- 
quire that, the cable system be pperafioncJ in the 
return mode, but only that it be capable of fur-' 
nishing t^wtJ^^ay, non-voice services. This necessi- 
tates installation of **certain passive equipment in 
the system's distribution network, and the use. of 

^ downstream amplifiers which possess minimum sec-v 

'-ond order distortion f^racteristics.*' The downr - 
stream amplifiers must be contained in a.dbal hous- 
ang ilnit, built to receive a second amplifier, for . 
upstream communications. The second amplifier is 
not actually installed. (3) -Installation of the ' 
upstream amplifier wolild render the system active 
to transmit.two-way communication assuming the in- 
stallation of subscriber and headend terminal equip- 

• ment. ^ • 

Under existing federal rules, due to omission of 
explicit instructions/ each government and. cable 
system is left with the responsibility for making the . 
transition from two-way capacity to. Active two-way 
services. 



Introducing Provisions for Two-Way Cable 

The natute of, two-way cable communication is 
now clear enough so that some guidelines may be 
suggested for franchising authorities and cable com- 
panies anticipating a two-way system. " 

If it is'^he intent to write a two-way communica- 
tion requirement into a franchise agreement, the 
nature of the two-way communication technology 
demands that the communication service or services 
to be provided be specified carefully. Each type of " 
.:Servica makes unique demands on the character and 
technical capacity of the system— at the home ter- 
minal, in the distribution plant.equipment arid at the 
heacl6nd.^ ' " , 

If a franchise authority wished to develop par- 
ticular two-way services, specification of such ser- 
vices could enter the -agreement with^^the franchisee 
* iri at least two ways. /One way would be the simple 
requirement that such a service be available on com- 
pletion of the construction schedule (or as the 
system is turned on after eaqh stage of construc- 
tion). Such a franchise clause would seem to be ap- 
propriate for consumer- or institutional-private ser-. 
vtees where the service specified has been tested 
operationally and where market experience or pro- 
jections would^assure sufficient revenues to keep the 
two-way service from becoming a burden to the 
system or its subscribers. ' - 

If a two-way system were required exclusively for^ 
government services, the capitQ.1 cost of the two-way 
systehi also could be viewed as socially desirable for 
the<]ommunity and treated as a cost of acquiring the 
'privileges in a franchise or as; a direct cost to*the 
government. Iq either case, the potential public 
benefit of the service vyould still be weighed against 
the ^ costs, wherever assessed, -in determining 
whether to include the service in the franchise. 

When two-way service jelates directly to both 
consumer and public welfare, special problems are 
presented. In alarm communication, for example, 
the genisral public welfare is enhanced and cost of 
government service reduced, if alarm communicaT."" 
tion is available, through tv^^o-way cable. At the same . 
time the consumer, realizes personal benefit. If the 
alarm communication se'fvice is mandated by the 
government, the franchise oi^ ordinance must con- 
tain the two-way provision. If the desire is only to 
make the servige available to tliose citizens , who 
wish it, th6n th^e questions of marketability, cost and 
general public benefit all weigh in the decision to re- 
quire a two-way system. o 

• I. To- the oxtent that the household terminal and the headend 
^ equip ment ran bo made modular, now' services may be added to 
-those specified with fninimum coat. 



If investigation by the franchising^authprity iden- 
tifies general value and also seems to indicate a 
desired consumer benefit, greater public welfare 
and/or increased government efficiency, writing a 
two-way service clause into the franchise would be 
appropriate. On the other hand, in the absence of 
strong evidence of the benefits of a service, the fran- 

• chise could stipulate a field test. This would provide 
an opportunity for both the operator and the fran- 
chising authority;^to evaluate the benefit of the ser- 
vice without the^^gh cost of completing a tWOrway 
system^ Although many of the headend costa for a 
two-way system are , fixed, distributiop plants in 
'many systems have been built to accommodate £(. 
..two-way retrofit. The necessary switching hard- 
ware within the distribution plant can be added 
after construction. Thus such a'field test would re- 
quire modification of only a part of the cable system. 

Although a minimum-cost field test could not pro- 
vide a random sample of households or geographic- 
ally dispersed institutional sites, tlie test area could 
be designed to provide an economically feasible 
representation of a potential universe ofjusers. Such 
a field test has been written into the Syracuse, New 
York, franchise. Smoke alarms arjd ambulance and 
police call buttons will be tested in 1,000 households. 
(4) Jhe franchise appee^rs tg leave the ultimate deci- 

, sion to extend the service to th^ entire franchise ter- 
ritory to the franchising authority. (5) This is 
perhaps the best policy, since the franchisee will 
certainly provide a major input the evaluation 
process. To be most cautious, an arbitration ar- 
rangement coiild be specified to resolve differences 
in ialerpretation ofiield test results. 

if a franchise authority is reluctant to impose 
even an experimental field test on a cable fran- 

, chisee, it might incliide a **state-of-the-art" clause in 
the ordinance or franchise agreement which could 
require tvyo-way service prior to the end of the fran- 
chise period. Criteria by which state-of-the-art 
technology and service are judged may be hard to 
come by; however, the burden of establisfiing two- 

„ way cable technology as the state-of-the-art has 
been eased somewhat by the FCG requirement that 
systems have two-way capacity. The FCC Rules sug- 

V gest that two-way service is important and imminent 
enough to warrant syistem design to accommodate it. 
A practical demonstration of a two-way service in 
other systems should provide impetus for suggesting 
the a'ctivation*of the existing capability. i 

. . It is possible to set forth conditions whifihA would 
lead to implementation of two-way senvice. The ag- 
gregation of a particular number of users for 
various types of two-way service would be an impor- 
tant condition. In aggregating users, the franchising 
' authority may play a developmental role. This role 



could be particularly important in broadband com- 
munication because operators may not, on their own 
initiative, seek to develop applications of the 
technology which involve additional, and unique, 
public responsibility. - 

Whether a franchising authority can require ac- 
tivartion of. two-way capacity during the term of a 
franchise agreementr where activatipn is opposed • 
by a cable system, varies from one jurisdiction^to 
another. It seems that if the ordinance or legislative 
action which authorizes the franchise includes 'a 
provision for amendment of the franchise* courts 
would •support reasonable change. If the franchise 
agreement stands alone without adequate support- 
ing legislation, i\ may be looked upon as a contrac- 
tual rela,tionship and change may be more difficult, 
absent franchisee concurrence. (6) ^ .. 

Responsibilities for Local Government 

'Two-way cable is inherently a local service. The 
services to be supplied by such a system may involve 
agencies of local government (e.g., iivB and' police 
departments), entities endowed with a public in- 
terest, such as educational institutions, or local 
businesses, 

A local government will ;have to assumie some 
special burdens as it takes up the issue of cable 
development. As well as determining me kind of 
specific services it requires, the community may find 
it in the public interest to 6ncourage development of 
community communication services that require ad- 
vanced tedhnology, a function similar to the FCC 
responsibility to "study new uses for radio, provide 
for experimental uses for frequencies and generally 
encourage the larger and more effective use of radio 
in the publicMntef est.** (7) 

A unique responsibility for the local authority 
stems from the fact that in two-way cable, a variety 
of public and. private services may eventually com- 
pete for upstream spectrum space. How the spec- 
trum is allocated to these services is important to all 
users and potential users. Careful arid conservative 
allocation is more critical as new services are 
developed and lisei ^ increa&e. 

At. thiB present stage of development of twci-way 
cablei it is possible to make only a tentative appor- 
tionment of spectrum to services: This initial alloca- 
tion can be iFlexible, particularly if the transmitting- , 
receiving equipment remains in' the hands of the 
cable system. While the cable system may be in the 
best position to make the initial spec trpm decisions 
in the developmental period, the franchising author- 
ity should reserve the opportunity to review the 
spectrum plan and lease rates to protect certain 
public interest users (e.g.. in firefighter training. 



alarm systems, electric power system communica- 
tion). This is particularly important as competition 
for upstream spectrum increases. . 

Finally, the franchise authority and cable systen^ 
must face the problem of adding new capacity as ini- 
tial upstream spectrum is fully utilized. This matter 
is complicated by the high capital cost of changing . 
the split between downstream and upstream signals 
or adding another cable. Jn these circumstances, a 
cabte monopolist might forestall the capital cost of 
adding capacity by controlling demand through the 
lease rate structure. 

The major problem for local authority is how to 
represent the public interest. Ofirthe upstream spec- 
trum allocation and .'rate issues, perhaps the ap- 
propriate procedure is to exercise a right of ap- 
proval so that a mechanism exists for the franchis- 
ing authority to become informed of system develop- 
ment and to have the opportunity to e;cpress a judg- 
ment of public and user interest. I' 

The addition of some two-way cable services (e.g., 
point-to-point data transmission, electric power 
system communication) may clearly establish those, 
cable services in a domain which is generally en- 
compassed by the traditional concept of "public 
utility.** In these areas, the state government could, 
be of assistance to local authorities in dealing with 
some of the complexities of franchise supervision. 
Although state governments have no previous expe- 
rience in such areas as spectrum allocation, they 

. may collect inforroatioq as it becomes available and 

, subsequently advise local authorities. 

' ■ ■■' ■ fi^^.^ '■ ' ■ ■ ■ 

Postscript ^ 

Project Goals, 

■ ' - - ' 

The primary goals of this experiment were to 
develop (1) a cost-feasible, functional twOrway cable 
system for data return from the feeder system, and 
|2j to demonstrate applications of this technology in 
urban administration and social services. More 
specifically, we sought (3) to design and test an . 
automated instructional system which would pro- 
vide regular feedback, and still more specifically. (4) 
to implement a training system in the fire. service 
that pravides effective standardized instrucfion in 
an administratively efficientmanner. 

The first three objectives were achieved. To some 
extent, the system developed in these experiments 
has already become a model on which other systems 
will be patterned. Warner Cable Corporation hopes 
to be able to adapt the automated, interactional in- 
structional systen) to tl}e Columbus QUBE System. 
(8) The Syracuse. New York, two-way alarm system 
will use hardware and software. developed for Rock- 



ford. (9) TOCOM. Inc. is using some of the Jlockforc^ 
, concepts in its two-wing systems and has employed 
one of the original Rockford two-way project staff 
^ members. ^ . * 

. . Reports of the. project have been made to national 
conventions of instructional communicaK^&.tech- 
nologists (10), computer specialists (11), firenfhters 
(12), public power operators and engineers (13), 
associations of cable television operators in th'Q 
United States and Canatda (14,15) and other groups. 
This is ojily the beginning ot necessary disseminar 
. tion activities, but indicates.an interest in the inter- 
face of telecommunications and computer technolo- 
. gies in various applications. ' ' 

. The fourth- objective, to initiate a practical train- 
ing method in the fire service, and more generally to 
improve fire department communication, has afso 
beien. achieved to the extent that the limited post-* 
experiment experience indicates. 

The field staff for the project has been in regular 
contact with the Rockford Fire Training Academy 
over the past three years. All four members of the 
' Academy staff havfe developed ^television production 
skills to a fairly high level. Their current work, in- 
dependent of project staff assistancerf^is competent 
and improving steadily. They are able to script in 
one- and tw6-vi^ay format s» make videotape on loca- 
tion and in the studio, edit and assemble segments 
and mix audio. Their preparation of instructional 
television materials includes the ability to state in- 
structional objectives clearly, and relate plans and 
scripts to those objectives. In addition to the 
Academy staff, three members of the Fire Depart- 
ment headquarters have become capable televisio 
producers fur general and instructional communica-^ 
tion purposes. 

The Rockford Fire Department has purchased 
enough equipment to accomplish television' produc- 
tion efficiently. The system employs simple black 
and white television equipment which has required 
- little maintenance. The Training Academy personnel 
have produced instructional videotapes using the 
two-way interactive , system that v^as developed 
through the project. Several people in the Depart- 
nrent are now capable of following the Operations 
" ^ Manual which programs the computer to process the 
two-way lessons. 

Since it is time-consuming to produce original 
materials for instructional purposes, the Training 
Academy personnel are converting existing instruc- 
tional materials to two-way videotapes. A,cademy 
personnel will systematically convert materialls used 
iR^onjunctipn with a 200-hour Advanced Firefighter 
Training Course to the two-way training mode^. This 
entails adding interactive questions and quizzes to 
~ the training materials (slides. . films, etc.) at ap- 
• propriate points, videotaping on a three-quarter 



inch cassette arid preparing the .tape' for . the 5two- 
way system. Six of these ins'tructional programs had 
been made. at this writing. . .. 

During the experimental 12-lesson prefire planr 
ning series, only four of the 10 in-city Rockford fire 
stations were capable of receiving two-way televi- 
|-sion. Rockford' Cablevision has now completed the 
conversion to two-way for all stations. 

The Rockford Fire Department uses the tvyo-way 
cable system for its daily briefing, "Update," at 8:30 
a.m. and 4:15 p.m. When this system is completely 
installed the character-generated information \Krill 
igo upstream from the Fire Department alarm office 
no th e heade nd, a^d^^wnstream from the h^dend 
wtfiDB^Itre^fftrdnS'On channel B" Thc btiiefirfpyn- 
clude vital information such as hydrant reports tod 
street closings. The Fire' Department freqi^i[itly 
adds a short videotape presenting special infc^rma- 
tion about new programs, equipment and proce- 
dures, clarifications of policies, etc. Since the two- 
way system became operational for the experiment, 
24 of these special briefings have been added fb the 
regular daily **Update." Previously these special 
briefings were presented in person by deputy chiefs 
to each of the three shifts in 11 stations [33 separate 
presentations]. A'survey of viewership of the "Up- 
date" program indicates that over 94 percent of 
the firefighters make use of th*"e character generated 
bulletin informatioii every duty day. The special* 
television programs following the briefings attracted 
as many as two-thirds of the firefighters. 

In cooperation with the City of Rockford Equal 
Employment Opportunity Office, the Rockford Fire 
Department conducted several workshops to pre- 
are applicants for the Fire Department civil service 
ti^t. One of these workshops was conducted by 
television on the, government cable channel to reach 
people who were unable to come to workshops in 
public buildings. The Fire Department Public Affairs 
Officer made a preseniation and then answered 
questions received by telephone. Twenty-three dif- 
ferent individuals asked questions indicating a fairly 
good audience among persons interested in applying 
for Fire Department jobs. 

The Rockford Fire Department, in association 
with, the Michigan State University . project Field. 
Director, produced a 14-question fire prevention test 
which rari twice daily on the government cable chan- 
nel during Firb Prevention -Week in October. Answer 
sheets were printed in the newspapers and the cable 
system Program Guide. The program was run again 
in December 1977. Eight other programs for the 
community have been cablecast: '^Safe Handling . 
of . Flammable Liquids"; "Fire" Safety. Update "; 
"Fire Prevention Week Poster Winners '; "Fire' 
Safety, Man-on-the-Street Interviews." Parts I - III: 
"Christmas- Fire Safety Tips," Parts l and II. 
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other Users ' 

... r • 

. The University of Michigan has used the two-way 
system to make in-service professional development 
materials available to. teachers in 14 public schools 
in Rockford. The schools project ran from 6 a.m. to 
4 p.m. weekdays from September, 1977. through 
May, 1978. The system functioned without major 
technological difficulties through the entire period. 



Virtually no special system maintenance was re- 
quired for the two-way communication. 

SwedishAmerican Hospital in Rockf ord, Michigan 
State University and Rockford Cablevision demon- 
strated the two-way system for continuing medical 
education at the first annual Health in Underserved 
Rural Areas (HURA) conference in February 1978. 
sponsored by the Department of Health, Education 
and Welfare. *. 



(1 j National Science Foundation, "Program Solicitation, 
Design Studies for Experimenta 1 Application of Two- 
Way Cable Communications to Urban Social Service 
and Administration, '.'-Research Applied to National 

. Needs, Division of Sdcial Systefns and Human 
Resources, Closing date, April 15, 1974. 

(2) Rockford Cablevision, Inc.. "System Lease Piaft;" 
November 24. 1975. . ' 

(3) 53 FCC 2d 782. 793-794. 

(4) City of Syracuse Franchise Agreement, 1977, Secr 
tion VI. *;Alarm Systems,", Section 6.2, *Tilot. Pro- 

' grams." . 

(5) Ibid. Section 6.5(a), "Alarm System Testing.'" « 

. (6) 41 ALE 3rd 384, 6, p. 40CM04: City of Liberal v. 
TeJeprompter Cabie Service, Inc. 544 p. 2d 330 
(1975). ' 

(7) 47 U.S.C. 303(g). ' 

(B) Letter to Charles Brownstein, National Science 
Foundation, froth Vivian M. Horner, Vice President. 
Warner QUBE, May 18, 1978. 

(9) Letter to Tom Baldwin, Michigan State University, 
from D. Stevens McVoy, President, Broadband Tech- 
nologies. Inc., October 4, 1977. ' ^ 

(10) Thomas F. Baldvdn, Robert E. Yadon and Jayne W. 
Zenaty. "Michigan State University /Rockf ord, Il- 
linois Two-way Cable Experiments, Firefighter- 
Tilaining," paper presented at ^ the Division of 



Telecommunications, Association for Education 
^ Communications and -Technology, 1978 Convention, 
Kansas City. April 20, 1978. 

(llj Jayne W. Zenaty, Martin P, Block, John B. Eulenberg 
and Eric S. Smith, "A Minicomputer Software 
• System for Two-Way Cable Television," paper ' 
presented at the Sixteenth IEEE Computer Society 
International Conference, San Francisco. March 1, 
. 1978. . 

(12) Th6mas F. Baldwin, "Two-Way Communication for 
In-Station Training of Firefighters," MiBtropoiitan- 
Division. International Association of' Fire Chiefs, 
1978 Convention, Denver, September 26 and 27, 
1977. ' ' 

(13) Thbtoas F. Baldwin. "Two-VVay Broadband Cable 
Communication and Power System Load Manage- 
ment," paper presented to the' American Public 
Power Association, Engineering and Opera tioris 
Workshop, San Francisco, March 2, 1978 I ' 

(14) Martin P. Block. Robert E. Yadon and James B: 
Wright] "The Rockford Two-Way Cable Project: Ex- 
isting and Projected Technology," paper presented 
a't the 27th Annual Convention, National Cable 
Television Association, New Orleans, May 1, 1978. 

(>5) Robert "E. Yadon, "Two-Way Technology Assess- 
ment and Applications: the Rockford Project." paper 
presented at the 21st Annual Canadian Cable Televi- 
sion Association, Montreal. June 1. 1978. 



